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ImprovementofSinefungin-ProducingStrainof
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Secondarymetaboliteproductionbygram-positivebacteriaisstrictlyregulated
atthetranscriptionofthebiosyntheticgenestomRNAinresponsetocertain
stringentconditions.Therefore,somemutationaldisruptionofregulatorydomains
ofthebacterialRNApolymerasemightincreasetheproductionoftheantibiotics.
Inthisstudy,wehaveattemptedtoimprovethesinefungin-producingstrainof
StreptomycesincarnatusNRRL8057byirradiatingultravioletlightontheproto-
plast,andselectingmutantsthatacquiredtheresistancetorifampicin,theantibi-
oticwhichspecificalybindstotheβ-subunitofbacterialRNApolymerase.After
threeroundsofmutation,10 strainswereobtainedwithvariedresistanceto
rifampicin.Amutantwhichshowedthehighestresistancewasfoundtohavethe
highestsinefunginproduction,whichwas2.4timeshigher(0.45±0.11μg/ml)than
thewildtypestrain(0.19±0.07μg/ml).Thebreedingapproachbyrifampicin-
resistancemaybeadvantageousovertheclassicalrandom screeningsinceit
requiresmuchsmalernumberofcandidatestobeexamined.
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Introduction
Sinefunginisanucleosideantibiotic,inwhicha
moleculeofornithineislinkedtothe5’-endof
adenosinethroughaC-Cbond(Fig.1).Thenu-
cleosideantibioticwasisolatedatRhone-Poulenc
Laboratoriesfrom theculturebroth ofStre-
ptomycesincarnatusNRRL8089??andatEliLily
ResearchLaboratoriesfrom thefermentation
brothofStreptomycesgriseolus??.Theantibiotic
hasastronginhibitoryeffectonvariousfungi??
andparasites????,butisconsideredasnephrotox-
icinvivo.Ithasbeenreportedthatthecel-free
extractpreparedfromahighproducingvariant
ofS.incarnatusproducedsinefunginfrom L-
arginineandATPinthepresenceofpyridoxal-5’
-phosphate,dithiothreitolandmagnesium ion??.
Theenzymesthatareinvolvedinsinefungin
productionhavenotbeencharacterizeddueto
theinstabilityandlowexpressionoftheenzymes.
Thus,theimprovementintheyieldofthemi-
crobialproductionofsinefunginwouldbeneces-
saryandshouldalowustopurifyandcharacter-
izetheintriguingenzymes,whichcondenseATP
andL-arginine.Ithasbeenreportedrecentlythat
certainmutationsconferringresistancetostrep-
tomycin,gantamicin,andrifampicinresultin
increasedantibioticsproductionbyStreptomyces
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coelicolor??and other Bacili???.This paper
describes the effectof the introduction of
rifampicin-resistancetothesinefugin-producer
strainofS.incarnatusNRRL8057.
MaterialsandMethods
OrganismsandMedium
ThesinefunginproducerStreptomycesincar-
natusNRRL8057wasobtainedfromtheAgricul-
turalResearchService,UnitedStatesDepart-
ment of Agriculture.The R6 regeneration
medium contained200gofsucrose,10gofdex-
trin,1gofcasaminoacid,50mgofMgSO?7H?O,
11g ofmonosodium L-glutamate,100mg of
K?SO?,7gofCaCl?2H?O,100mL of100mM
sodium 3-(?-Morphorino)propanesulfonate
buffer(pH 7.2),20gagaranddistiledwaterto
1000ml.TSB agarmedium contained 3g of
trypticsoybroth(DIFCO)and1.5gofagarin100
mLofdeionizedwater.
UltravioletLightIrradiationonProtoplast
Conditionsforcultivationandpreparationof
protoplasts were as described previously???.
Protoplastsweresedimentedbycentrifugationat
500to600×gfor10min,andspreadonR6regen-
erationmedium.Theplatewasirradiatedwith
ultravioletlight(ToshibaGL15lamp)inaclean
bench(3.31×10??J/cm?/sec),quicklycontained
inadarkplace,andincubatedat30°Cfor2days
untilcoloniesgrewvisible.Theplateswerethen
coveredwith3mlofsoftagarcontaining60μg/
mlrifampicin,andfurtherincubatedat30°Cfor3
days.
SamplePreparation
Theregeneratedprogenywassubculturedon
1.0mlofTSB-agarmedium ina24-holeassay
plate,andwasalowedtogrowfor5daysat30
°C.Theculturemediumwascutinhalveswitha
toothpick,andonehalfwasdippedin1.0mlof3.0
Msodiumacetatebuffer,pH5.3andboiledfor20
minwith0.1gofactivatedcharcoal.Then,char-
coalpowderwasseparatedfromthesupernatant
fluidaftercentrifugationat10,000rpmfor10min,
andwashedtwicewith1mlofwater.Compo-
nentsabsorbedoncharcoalwereelutedbysoak-
ingthecharcoalpowderin1mlof50% aqueous
acetoneovernight,thenca.20mgofmagnesium
phosphate was added to the mixture and
centrifugedat10,000rpmfor10min.Clearsuper-
natantsolutionwastransferredtoanewsample
tubeandconcentratedtodrynessonspeed-vac
concentrator.Theresiduewasdissolvedin50μl
ofsterilewater.
EcoRIMethylaseInhibitorassay
Aliquotof10μloftheabovesamplewasmixed
with1.2μgoflambdaDNA(TaKaRa),3.2nmolS
-adenosyl-L-methionine,2μlofEcoRImethylase
buffer(×10),and10unitsofEcoRImethylase
(totalvolume20μl)andincubatedat37°Cfor1h.
Twomicroliterof3M sodium acetate,pH 5.3,
and20μlofisopropanolwereaddedtothesolu-
tion.Afterthesolutionwasstandatroom tem-
peraturefor10min,DNA wasprecipitatedby
centrifugationat14,000rpmfor20min.Thepelet
waswashedwithcold70% ethanol,anddried
underthereducedpressure.Theresiduewas
dissolvedin8μlofsterile,deionizedwaterand
mixedwith1μlof(×10)bufferforEcoRIrestric-
tionenzyme.EcoRIrestrictionenzyme(10U)was
addedandincubatedat37°Cfor2h.Thesolution
wasmixedwith1μlofsampleloadingbuffer(×
10)andrunon0.7%-agarosegel.Whensinefun-
ginwascontainedinthesamplesolution,lambda
DNAwasdigestedbyEcoRIrestrictionenzyme,
andthecharacteristicladderwasobservedonthe
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Fig.1 Sinefungin.
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gel.Whenthestraindidnotproducesinefungin
theagarose-gelelectrophoresiswouldshow the
intactlambdaDNA.
Determination of Sinefungin Production by
HPLC
Sinefunginproductionwasdetected by the
EcoRImethylaseinhibitionassayasdescribed
above,andtheamountofsinefunginproducedin
themedium wasdeterminedbyHPLCsystem
implementedwithacation-exchangecolumn.A
strainofS.incarnatuswassubculturedonthree
TSB agarmedia(1μl)containedina24-hole
assayplate,andgrownat30°C for5days.
Sinefungin was extracted from the culture
mediumasdescribedaboveusingactivatedchar-
coal,anddeterminedbyanalyticalHPLCusinga
CAPCELLPAKSCXcolumn(4.6mm I.D.×150
mm,ShiseidoFineChemicals),ShimadzuLC-6A
liquidchromatographypump,andaShimadzu
SPD-6A uvspectrophotometricdetector.The
columnwasdevelopedwith0.5M ammonium
formate(pH4.0)ataflowrateof0.5μl/min.The
chromatogram wasmonitoredbyabsorptionat
260nm.Thesinefungincontentineachsample
wasestimatedfromthepeakareaofsinefungin
elutedat13.8min.Theproductivityofeachstrain
wasdesignatedasthemeananddeviationcalcu-
latedfromthethreeseparatecultures.
ResultsandDiscussion
MembersofthegeneraStreptomyces,Bacilus,
andPseudomonasaresoilbacteriathatproducea
highproportionofagriculturalyandmedicaly
important antibiotics.The development of
rationalapproachestoimprovetheproductionof
antibioticsfrom theseorganismsisthereforeof
considerable industrialand economic impor-
tance.IthasbeenreportedthatrpsLmutationis
likelytoenhancetheantibioticproductionof
streptomycetesbyinducingthemutationson
RNA bindingsiteofribosomalprotein???.We
firsttriedtoobtainstreptomycinresistantstrains
ofS.incarnatus,butwecouldnotobtainthose
mutantsundervariousmutagenesisconditions
includingvariedlengthofultravioletlightirradi-
ationandvariedstreptomycinconcentrations.
Becausethesinefunginproducer,S.incarnatus
NRRL8089,didnotformsporesonseveralmedia
tested,weattemptedtoseparateeachcelfrom
themyceliabydigestingthecelwalandprepar-
ingprotoplast.Conditionssuitableforprepara-
tionandregenerationofstreptomyceteproto-
plastshavebeendevelopedbyOkanishietal???,
andtheprocedurehasbeenmodifiedandim-
provedbyShirahataetal???andBaltzandMatsu-
shima???.The protoplasts of S. incarnatus
regeneratedthemyceliaformmostefficientlyon
R6medium.Ultravioletlighthasbeenirradiated
ontheregenerationmedium shortlyafterthe
protoplastswerespreadontheplate.Theirradia-
tiontimehasbeenoptimizedtobe4min,where
thesurvivalratewasintherangeof0.1to0.5%.
Ourresultssuggestthattheprotoplastregenera-
tioncanbeanalternativemethodforusingcopi-
oushaploidspores,whichisusualyrecommend-
edtominimizetheriskoftherevertantappear-
anceandunstablephenotype.
Thesinefunginproductionbythewildtype
strainvariedintherangeof0.13to0.30μg/μl,
andthemeanproductivityofthesixwildtype
strainswas0.19±0.07μg/μl.Thewildstrainwas
resistanttorifampicinuptotheconcentrationof
16μg/mlwhengrownontheTSB-agarmedium.
Thesinefunginproductionbywildtypestrains
andmutantsaresummarizedinFig.2.Thefirst
roundofmutagenesishasyielded3strains,which
increasedtherifampicinresistanceupto64μg/
ml.Oneofthemutantsdecreasedthesinefungin
productionto0.16±0.13μg/mlwhiletheother
tworetainedtheproductivityat0.23±0.11μg/ml
and0.24±0.08μg/ml.Thus,thefirstroundof
mutationdidnotincreasedthesinefunginproduc-
tivitynotablyalthoughtheantibioticresistance
hasincreasedalmost4-times.Thesecondround
ofmutationhasyieldedonlyonemutantstrain,
whichwasresistantto250μg/mlrifampicin,but
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thesinefunginproductivitywas0.25±0.09μg/ml.
Again,thesecondarymetaboliteproductiondid
notincreaseastheincreasedrifampicin-resis-
tance,whichwasalmost16-foldofthewildtype
strain.A strainthatincreasedthesinefungin-
productionwasfoundamongmutantsobtained
bythethirdroundofmutation.Amongthe6
mutants,whichsurvivedwhentherifampicinwas
addedintheconcentrationof500μg/ml,one
strainproducedsinefunginattheconcentration
of0.45±0.11μg/ml.The other five mutant
strainsproducedsinefunginintherangeof0.18to
0.28μg/ml.
Ourprincipalfindinginthisstudyindicates
thattheintroduction ofrifampicin-resistance
resultedinapproximately2-to3-foldincreaseof
thesinefungin-productionbyS.incarnatus,but
thisisnormaly thecasefound in classical
mutagenesisandrandomscreening.Althoughthe
sinefunginproductiondidnotincreasesoremark-
ably,thethreeroundsofmutationfinalyin-
creasedtheproductivityby2.4-foldofthepro-
ductionbythewildtypestrain.Itshouldbenoted
thatthetotalnumberofmutantsweassayedthe
productivitybyHPLCwasonly10throughthe
threeroundofmutation.Searchingforhigh-
producer strains after ultraviolet light-
irradiationnormalytakesthetroubleofassay-
inghundredsofstrainssincesuchtherandom
mutation by physicalor even by chemical
mutagenesisnormalyresultsin2-to3-foldof
productivity enhancementonly atthe smal
chancesof0.1-0.5%.Inthispointofview,the
screeningforantibiotic-resistancemaybean
effectivemethodtoreducethetroubleofexamin-
inghundredsofstrains.Furthermutationconfer-
ringtheresistancetoribosome-bindingantibi-
oticssuchasgentamicin??totherifampicin-resis-
tantmutantmayfurtherincreasethesinefungin
productionofS.incarnatus.
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UV照射とプロトプラスト再生法による
Streptomycesincarnatusのリファンピシン耐性と
シネフンギン生産性の向上
田村 隆・李 銀淑・田中 英彦・稲垣 賢二
（生物資源化学）
グラム陽性菌の二次代謝は，貧栄養条件などの緊縮応答として，その生合成遺伝子の転写段階が厳密な制
御を受けている．そこで，これらのバクテリアのRNAポリメラーゼの制御部位を突然変異導入により破壊
すれば，二次代謝産物の生産性向上が期待できる．本研究ではシネフンギンを生産するStreptomycesincarnatus
NRRL8057のプロトプラストに紫外線を照射して，RNAポリメラーゼ阻害剤であるリファンピシンに耐性
を獲得した変異株を取得した．突然変異操作を三回行なった結果，異なるリファンピシン耐性を持つ突然変
異株10株を得た．この中で最も高い耐性を示した突然変異株が最も高いシネフンギン生産能を示し，その生
産性（0.45±0.11 / ）は野生株（0.19±0.07 / ）の約2.4倍あった．リァンピシン耐性を指標とする
菌株の改良は，ランダムなスクリーニングを行なうよりも効率よく選抜を行うことができるという点で有効
であるといえる．
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